BACKGROUND: Consultation with radiation oncologists, in addition to urologists, is advocated for patients diagnosed with prostate cancer. Treatment patterns for patients receiving consultation from radiation oncologists in addition to urologists have not previously been described. METHODS: We conducted a matched cohort study of men with newly diagnosed non-metastatic prostate cancer in Ontario, Canada. Patients who underwent consultation with a radiation oncologist prior to treatment were matched 1:1 with patients managed by a urologist alone based on tumour and patient characteristics. We examined rates of active treatment (surgery or radiotherapy) within one year following diagnosis. RESULTS: Among 5708 matched pairs (11,416 patients), those who received radiation oncology consultation were more likely to undergo active treatments whether they had intermediate or high-risk disease (88.6% vs. 65.9%, p < 0.0001; adjusted odds ratio 4.0, 95% CI: 3.6-4.4) or low-risk disease (56.1% vs. 13.3%, p < 0.0001; adjusted odds ratio 8.4, 95% CI: 6.7-10.6). This effect persisted after considering age, comorbidity, tumour volume and year of diagnosis. CONCLUSIONS: Patients newly diagnosed with prostate cancer who receive radiation oncology consultation are associated with a higher rate of active treatment, compared to patients managed by urologists only. Selection and referral biases, and unmeasured confounding such as patient preference must be considered as important factors attributing this association.
INTRODUCTION
In most cases, the diagnosis of clinically localised prostate cancer is first established by a urologist who communicates treatment options with the patient, including radical prostatectomy, radiotherapy, and active surveillance. 1 Consultation with a radiation oncologist is typically made based, in part, on the characteristics of the tumour as well as the patient's age, comorbidity, and urologist and patient preference. 2 Guidelines of several organisations including the National Comprehensive Cancer Network have recommended that all patients with newly diagnosed clinically localised prostate cancer be assessed by both a urologist and a radiation oncologist prior to treatment, 3, 4 and this has been proposed as a quality metric. 5 In Ontario, Cancer Care Ontario (CCO), a branch of the Provincial government which funds all cancer treatment, recommended that all patients should receive consultation from both a urologist and radiation oncologist prior to treatment. 4 The effect of selection and referral biases on treatment patterns of prostate cancer patients receiving consultation from both urologists and radiation oncologists compared to urologists alone is inherent in treatment decision-making. Given that new guidelines are mandating consultation with both a urologist and radiation oncologists, we sought to quantify and characterise the impact on treatment patterns for patients undergoing a radiation oncology consultation.
MATERIALS AND METHODS
We conducted a population-based, retrospective cohort study of men diagnosed with non-metastatic prostate cancer in Ontario, Canada between 2010 and 2013. In Ontario, medical care is reimbursed through a single, government-funded health insurance system (Ontario Health Insurance Plan, OHIP). Patients were identified in the Ontario Cancer Registry (OCR). We selected 2010 for cohort inception as reliable linkage to biopsy pathology and staging data were available beginning at this time.
The Sunnybrook Health Sciences Centre REB approved this study which was conducted and reported according to the STROBE guidelines 6 and the RECORD statement. 7 
Outcome
The primary outcome was receipt of active treatment with surgery or radiotherapy in the year following diagnosis. We used OHIP physician billings and procedural codes from the Canadian www.nature.com/bjc Table 1 ). Any patient who did not receive surgery or radiotherapy in the year following diagnosis was categorised as receiving conservative management. Patients in the Urologist alone group could receive radiotherapy if their radiation oncology consultation occurred after the 90-day time period (n = 667 in primary analysis).
Baseline characteristics and covariates Linked health administrative data were used to capture a wide variety of baseline characteristics including tumour factors, demographics, general and specific comorbidities, and general medical care. Data on tumour grade (Gleason score) and stage were derived from the OCR and serum prostate-specific antigen (PSA) levels were determined from the Ontario Laboratory Information System. General comorbidity was measured using the Resource utilisation Band (RUB), a well-established measure of comorbidity, 9 based on the Johns Hopkins Aggregate Disease Groups. 10 Due to administrative delays in data capture, tumour stage and grade were missing for 13,204 patients and PSA data were missing for 3608 patients. These patients were excluded. Patients retained and those excluded were similar in demographic characteristics and comorbidities (significant differences <0.1) though excluded patients were more likely to be diagnosed in 2012/2013.
Consultation with a radiation oncologist (RadOnc) was identified as the date of consultation occurring after the date of prostate cancer diagnosis. We identified physician interactions following diagnosis using the OHIP database. 11 We identified radiation oncologist visits within 90 days of prostate cancer diagnosis in order to capture an initial "therapeutic decision" window, and performed sensitivity analyses varying the length of this period. Control patients were managed by a Urologist alone.
Statistical analysis
We matched patients who received radiation oncology consultation with those who did not using a combination of variables and the propensity score. Patients were directly matched on age at diagnosis, socioeconomic status, index year of diagnosis, prostate cancer risk category, and the propensity score. Prostate cancer risk was categorised as low risk (Gleason ≤6, Stage 1, and PSA <10 ng/mL) and intermediate/high risk (Gleason score ≥7, Stage 2 disease, or serum PSA ≥10 ng/mL). Stage 1 and 2 are patients with no evidence of metastases. The propensity score was derived from a multivariable logistic regression model for receiving radiation oncologist consultation using the remaining baseline characteristics as predictors, including geographic region, number of general practitioner (GP) visits, number of hospitalisations, ever resident of longterm care, RUB score, diabetes, myocardial infarction, cerebrovascular accident, congestive heart failure, chronic obstructive pulmonary disease, hypertension, arrhythmia, dementia, liver disease and renal disease. Patients in the RadOnc group were matched to those in the Urologist alone group 1:1 using the greedy algorithm. standardised differences were used to compare baseline characteristics of the two groups with differences of <0.1 (10%) considered acceptable balance. 12 Due to the clustering inherent in matched data, we used generalised estimating equations with a logit wing to determine the effect of radiation oncologist consultation on receipt of active treatment. The matching identifier was used as a clustering Note: in order to comply with ICES privacy regulations, cell sizes smaller than 5 were suppressed. Where cells <5 would be calculable, the next smallest cell in the category was also suppressed. Note: Socioeconomic status was assessed using a standardised technique based on the income quintile of the patient's neighborhood of residence. Geographic region was characterised using local health integration networks (LHINs), regions that plan and deliver health-care resources and thus affect a patient's access to care 20 GP general practitioner, RUB resource utilisation band, a measure of comorbidity derived from the Johns Hopkins ADG system, MI myocardial infarction, CVA cerebrovascular accident, CHF congestive heart failure, COPD chronic obstructive pulmonary disease Referral bias in localised prostate cancer CJD Wallis et al.
variable. Statistical analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
Subgroup and exploratory analyses
We performed a number of pre-planned exploratory analyses based on clinically relevant subgroups in which the effect of radiation oncologist consultation on receipt of active treatment may differ, including prostate cancer risk, age and comorbidity, date of diagnosis, location of residence (urban or rural), and tumour volume. We performed an additional subgroup analysis assessing the effect of same-day consultation with a urologist and a radiation oncologist.
In addition to assessing the role of radiation oncologist consultation, we examined the effect of visits with primary care physicians and medical oncologists on the receipt of active treatment.
We performed a tracer analysis to assess for the influence of health or intervention seeking behaviours using cataract surgery and cholecystectomy as tracer outcomes. 13 
RESULTS
We identified 16,666 men newly diagnosed with non-metastatic prostate cancer who had complete pathology data and met inclusion criteria. Of those, 9587 (57.5%) were managed by a urologist alone and 7079 (42.5%) received a radiation oncologist consultation within 90 days of diagnosis. Of these patients, 640 (9.0%) were seen concurrently by a urologist and radiation oncologist (i.e., on the same day). Patients who received a radiation oncologist consultation were older, and were more likely to have intermediate or high-risk prostate cancer (Gleason score ≥7, Stage 2 disease, or serum PSA ≥10 ng/mL) than patients managed by a urologist alone (Table 1 ). Other baseline characteristics were similar between the two groups ( Table 1) .
Among the patients who received a radiation oncologist consultation, 84.1% (n = 5951) received active treatment (radical prostatectomy or radiation), compared to 52.1% (n = 4996) of those treated by a urologist alone (p < 0.0001; Table 2 ). The unadjusted odds ratio for receiving active treatment associated with radiation oncologist consultation was 5.72 (95% CI 5.43-6.02). Of the patients who saw a radiation oncologist (RadOnc group), 1733 (24.5%) had surgery, 4218 (59.6%) had radiation, and 1128 (15.9%) had conservative management, whereas of the patients who were treated by the urologist along (Uro group), 4329 (45.2%) had surgery, 667 (6.9%) had radiation, and 4591 (47.9%) had conservative management. Patients in the Uro group may have received radiotherapy within a year of diagnosis if their consultation with a radiation oncologist occurred following the 90-day "therapeutic decision" window.
The patients in the matched analysis are compared in Table 1 and the matching yielded adequate balances between the two groups. In the analysis of 5708 matched pairs, 83.4% of patients in the RadOnc group underwent active treatment within a year of diagnosis, compared to 57.5% of patients in the Uro group (p < 0.0001; Table 2 ; OR = 3.70, 95% CI 3.42-4.01; Table 3 ).
We stratified patients by prostate cancer risk, based on grade, stage, and serum PSA. For patients who had low-risk prostate cancer (Gleason score ≤6, Stage 1, and serum PSA <10 ng/mL), the odds ratio for undergoing active treatment for patients in the RadOnc group was significantly higher (adjusted OR 8.40, 95% CI 6.65-10.62), compared to those in the Uro group. For patients in the intermediate/high-risk group (Gleason score ≥7, Stage ≥2, or serum PSA ≥10 ng/mL), the adjusted odds ratio for active treatment was 4.00 (95% CI: 3.60-4.44). The frequency of specific treatments is outlined in Table 2 .
In order to better understand the association between radiation oncologist consultation and the probability of active treatment, we conducted additional exploratory analyses. We stratified patients into four groups based on age (<70 or ≥70) and comorbidity (RUB score ≤3 or ≥4). Among patients with low-risk disease, we found that the effect of radiation oncologist consultation on treatment was largest for older patients and those with greater comorbidity (odds ratio for treatment up to 30.8 (95% CI: 16.7-57.1), Table 3 ). Over time, the use of conservative management increased for patients with low-risk disease in the Uro group, but not in the RadOnc group, over time (Table 4 ). In patients with intermediate/highrisk disease, the use of conservative treatment decreased over time among patients in the RadOnc group but not in the Uro group. We further examined a subgroup of patients with lowrisk prostate cancer for whom information on tumour volume information was available (n = 291; 8.0% of low-risk cohort). These patients were stratified into those with low-volume disease (≤2 positive cores; n = 195) or high-volume disease (≥3 positive cores; n = 96). 3 The RadOnc group was associated with a significantly increased likelihood of active treatment both in patients with low-volume, low-risk disease, and high-volume, low-risk disease (Table 3) . In both subgroups, radiation oncologist consultation was associated with higher use of radiotherapy and lower use of conservative management (Table 5) . Note: in order to comply with ICES privacy regulations, cell sizes smaller than 5 were suppressed. Where cells <5 would be calculable, the next smallest cell in the category was also suppressed EBRT external beam radiotherapy a Includes both low-dose rate (LDR) and high-dose rate (HDR) brachytherapy Also, we found no significant changes in our results when stratified by academic centres (where biopsies are reviewed by specialised genitourinary pathologists), or when there were sameday radiation and urology consultations (Table 3, Supplementary  Tables 2 and 3 ). Notably, compared to patients who received asynchronous radiation oncology consultation, those who had consultation on the same day had much higher utilisation of conservative management and surgery for intermediate and highrisk disease (Supplementary Table 3 ).
In the 90 days following diagnosis, 12,769 (76.6%) of patients in the matched cohort had at least one visit with a primary care physician (PCP) and 123 (0.7%) received consultation with a medical oncologist. In a multivariable model assessing the effect of radiation oncologist consultation, medical oncology consultation and visits with PCPs, radiation oncologist consultation remained the most prominent predictor of active treatment (OR 3.70, 95% CI 3.42-4.01, p < 0.0001). Visiting with a PCP was associated with an increased likelihood of receiving active treatment (OR 1.20, 95% CI 1.09-1.32, p = 0.0002) while consultation with a medical oncologist had no effect (OR 0.84, 95% 0.53-1.35, p = 0.48).
From tracer analysis to assess for health or intervention-seeking behaviours, we did not find a difference in rates of cataract removal (p = 0.18) or cholecystectomy (p = 0.76) between patients receiving radiation oncologist consultation and those who did not. The results of our primary analysis did not substantively differ when the window for radiation oncology consultation from diagnosis varied from 60 (OR 4.15, 95% CI 3.81-4.47) to 120 (OR 5.11, 95% CI 4.75-5.50) or 180 days (OR 5.38, 95% CI 5.00-5.78).
DISCUSSION
In Ontario, approximately one half of patients with non-metastatic prostate cancer receive consultation with a radiation oncologist prior to initiating treatment. After matching, we found that consultation with a radiation oncologist was associated with increased active treatment (83% vs. 58%) and decreased use of conservative management (17% vs. 43%). This discrepancy was present for both intermediate/high-and low-risk disease, but higher among patients with low-risk disease, with the majority undergoing radiotherapy. These findings were similar and consistent in several subgroups defined by various host and tumour factors, suggesting a strong presence of selection and referral biases.
To our knowledge, this is the first study that characterises the impact of treatment patterns among patients undergoing a multidisciplinary assessment prior to prostate cancer treatment. In this study, we have exhaustively evaluated for potential confounding and effect modification in treatment rates, including patient age at diagnosis, comorbidity, year of diagnosis, prostate cancer risk category, tumour volume among those men with lowrisk disease, and those diagnosed at academic facilities. While the magnitude of effect varied within these subgroups, radiation oncologist consultation was consistently associated with an increased odds of active treatment. Also, referral to a radiation oncologist increased the proportion of patients undergoing radiation treatment for both low and intermediate/high-risk disease categories. This could reflect the intent of multidisciplinary assessments by providing patients with informed choices among those who desire treatment leading to more patient-centred care.
There are several potential unmeasured confounding variables to explain our findings. It is likely that the preference-sensitive nature of prostate cancer treatment decision-making is an important factor. Most notably among these is referral bias. Patients who receive radiation oncologist consultation may have expressed a preference for radiation treatment during the initial discussion of treatment options with their referring urologists. Conversely, those who are set on a surveillance strategy following consultation with a urologist may be less likely to undergo radiation oncologist consultation. In other words, patient preference of wanting radiation treatment would drive radiation oncology referrals, while patients who wish surveillance would decline a radiation oncology referral which could explain this association. Diagnosing urologist characteristics may also influence a patient's likelihood of radiation oncology consultation 2 or undergoing surveillance. 14 Further, based on the referral itself from a urologist, patients may perceive the need for treatment by the radiation oncologist. As cancer organisations (such as the National Comprehensive Cancer Network) and government bodies (such as Cancer Care Ontario) mandate radiation oncology consultation for all newly diagnosed prostate cancer patients, 3, 4 referral to radiation oncologists should be viewed by patients as a consultation and not a need for treatment. Given current guidelines, 15, 16 such consultation should emphasize conservative management for patients with low-risk disease.
Jang et al. 17 previously examined the effect of specialist and PCP visits on prostate cancer treatment choice and demonstrated that patients seen by urologists alone had the highest utilisation of conservative therapy, while those seen by urologists and radiation oncologists had the lowest. Notably, they found that PCP visits were associated with increased use of conservative management, while we found the opposite. More recently, Chamie et al. recently examined the use of surgery, radiotherapy and surveillance. Radiotherapy was the most commonly utilised treatment, with little correlation to tumour factors. 18 However, patients were diagnosed between the mid-1990s and early 2000s (Jang) or during the mid-2000s (Chamie), during which time active surveillance was much less widely accepted. Second, they utilised SEER-Medicare linked data which have significant limitations when compared with the Ontario data. While SEER-Medicare data are limited to patients over the age of 65, we examined all patients regardless of age. Further, we captured all patients diagnosed in Ontario while SEER captures less than one-third of patients in the United States. 19 Despite these strengths, there are limitations to our study. As we could only capture treatments reimbursed through the public health care system, it may underestimate active treatment. Patients who opt for and privately pay for non-standard treatments such as high intensity focused ultrasound and other modalities would be classified as receiving conservative management in this study. Also, there was no central pathology adjudication. However, in our subgroup analysis of patients undergoing biopsy at an academic facility with dedicated genitourinary pathologists, we observed consistent results indicating that upgrading on re-review is unlikely to explain the observed differences.
CONCLUSIONS
In a large, contemporary, population-based cohort of patients newly diagnosed with prostate cancer, radiation oncology consultation prior to treatment decision was associated with an increased rate of active treatment. Selection and referral biases, and unmeasured confounding such as patient preference must be considered as important factors attributing this association. Multidisciplinary consultations should continue to be utilised after accounting for these biases and how patient preferences can impact decision-making.
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